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SPECIFICATION 
GLYCOSYLATION-DEFICIENT HEPATOCYTE GROWTH FACTOR 

5 Teohnloal Field 

The invention relates to a glycosylation-def icient 
hepatocyte growth factor. In particular, the invention 
relates to hepatocyte growth factor that is modified by 
deficiency of glycosylation. 

10 Background Art 

Hepatocyte growth factor (hereinafter abbreviated as 
HGF) is a protein having a mitogenic activity on 
hepatocytes. Some differences in eunino acid sequences are 
observed among known HGFs and HGF is also named as SF 

15 (scatter factor), TCP (tumor cytotoxic factor) and the like 
in addition to HGF. The known proteins having mitogenic 
activities on hepatocytes are collectively neuned as HGFs in 
the present invention. HGFs are known to be 

physiologically active peptides that exert various 

20 pharmacological actions such as mitogenic action, 
morphogenetic action, neovascularization action, nerve 
protective action and anti-apoptotic action, in addition to 
mitogenic activity on hepatocytes (see non-patent document 
1: Matsumoto, K. et al. , Kidney International, 2001, vol. 

25 59, p2023-2038). 

From its pharmacological actions, HGF is expected to 
be developed as therapeutic agents for cirrhosis, 
therapeutic agents for renal diseases, epithelial cell 
proliferation promoters, anti-cancer agents, preventive 
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agents for side effects in cancer therapy, therapeutic 
agents for lung injury, therapeutic agents for 
gastroduodenal injuries, therapeutic agents for cerebral 
neuropathy, preventive agents for immunosuppression side 
5 effects, collagen degradation promoters, therapeutic agents 
for cartilage injury* therapeutic agents for artery 
diseases, therapeutic agents for pulmonary fibrosis, 
therapeutic agents for hepatic diseases, therapeutic agents 
for blood coagulation malfunction, therapeutic agents for 

10 plasma hypoproteinemia, therapeutic agent for wounds, 
neuropathy improving agents, hematopoietic stem cell 
increasing agents and hair restoration promoters (for 
example, see patent documents 1 to 14: JP-A-4-18028 , JP-A- 
4-49246, EP-492614-A, JP-A-6- 25010 , W093/8821, JP-A-6- 

15 172207, JP-A-7-89869, JP-A-6-40934 , W094/2165, JP-A-6-40935 , 
JP-A-6-56692, JP-A- 7-41429 , WO93/3061 and JP-A-5-213721 ) . 

HGF is secreted from organs such as liver, brain, lung, 
bone marrow, spleen, placenta and kidney, or from blood 
cells such as platelets and leukocytes. However, since HGF 

20 is present in the body in a minute quantity, it is 
necessary to produce HGF in a large scale using cells by 
genetic engineering techniques in order to use it as 
medical preparations. It has been known that HGF can be 
produced using animal cells such as Chinese hamster ovary 

25 (CHO) cells (see, for example, patent documents 15 and 16: 
JP-11-4696-A and JP- 10-191991-A) . 

However, the method for producing proteins using 
animal cells such as CHO cells is expensive, resulting in 
increase of drug prices . 



2 



As a method for producing a recombinant protein at a 
low cost, expression of proteins in prokaryotic cells such 
as E. coll by introducing genes of interest into them has 
been known (see non-patent document 2: Swarts, J.R., 
5 Current Opinion in Biotechnology, 2001, vol. 12, pl95-201). 
However, there exists a problem that no glycosylation 
occurs in recombinant proteins produced in the prokaryotic 
cells such as E. coli. This is because the prokaryotic 
cells such as E. coli do not contain endoplasmic reticulum 

10 and Golgi apparatus that are places for biosynthesis of 
sugar chain ( s ) . 

Addition of a sugar chain to a protein and its 
modification in an animal cell is post-translational 
modifications using no template, differing from the case of 

15 biosynthesis of DNAs or proteins. This post-translational 
modification is performed by a complicated mechanism 
mediated by various glycosylation -related enzymes locally 
present in intracellular organelle called endoplasmic 
reticulum and Golgi apparatus. That is, a sugar chain is 

20 elongated so as to obtain a given sugar chain structure 
when sequential addition and cleavage of monosaccharides 
occur according to a complicated biosynthetic pathway 
catalyzed by enzymes specific to certain linkages of 
monosaccharides (glycosidase and glycosyltransf erase) (see 

25 non-patent document 3: Kornfeld, R. , et . al. Annual Review 
of Biochemistry, 1985, vol. 54, p631-664). 

Sugar chain(s) added to proteins in this way have been 
known to be deeply involved in whole life phenomena of 
higher organisms (see non-patent documents 4 and 5: Kobata, 
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A., European Journal of Biochemistry, 1992, vol. 209, p483- 
501; Varki, A., Glycobiology , 1993, vol. 3, p97-130). 

It has been known that half or more of proteins in the 
human body exist as glycoproteins to which sugar chains are 
5 added (see non-patent document 6: Goochee, C.F. et al.. 
Biotechnology, vol. 9, pl347-1355). 

If a glycoprotein originally present in the form 
carrying sugar chains is converted into a form containing 
no sugar chain, there is a fear of losing activity. For 

10 example, it is known that erythropoietin, known as a 
hematopoietic hormone, lose its activity when the sugar 
chains are removed (see non-patent document 7: Takeuchi, M. 
et al., Glycobiology, 1991, vol. 1, p337-346). 

Yeast is known as a host cell that is capable of 

15 producing a recombinant protein at low cost and has a 
glycosylation ability (see non-patent documents 8: Wiseman, 
A., Endeavor, 1996, vol. 20, pl30-132; non-patent document 
9: Russell, C. et al., Australian Journal of Biotechnology, 
1991, vol. 5, p48-55; non-patent document 10: Buckholz, R.G. 

20 et al. Biotechnology, 1991, vol. 9, pl067-1072). Since 
yeast is a eukaryotic cell and has endoplasmic reticulum 
and Golgi apparatus, it is consequently equipped with 
glycosylation mechanism. However, since the glycosylation 
mechanism of yeast differs significantly from that of 

25 animal cells, when a protein having glycosylation site(s) 
is produced in yeast, sugar chain(s) of yeast type would be 
added. It is known that the sugar chain structures of 
yeast are significantly different from those of human and 
other mcumnals (see non- patent document 11: Gertnmill, T.R. 
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et al., Biochemica et Biophysica Acta, 1999, vol. 1426, 
P227-237) • 

Accordingly, such recombinant proteins cannot be used 
for medicines for human beings and other mammals because 
5 they exhibit antigenicity against human and meunmals. 

Further, an Insect cell Is also a host having a 
glycosylatlon ability and can produce a protein at 
relatively low cost, however, the sugar chain structures of 
an Insect cell are also different from those of human type 

10 (see non-patent document 12: Altmann, F. et al., 
Glycocomjugate Journal, 1999, vol. 16, pl09-123). 

Accordingly, there Is a possibility for a recombinant 
protein derived from Insect cells to show antigenicity 
against human and other mammals. 

15 Then, one can envisage production of a protein 

containing no sugar chains by removing sugar chains from a 
protein produced using yeast. Insect cells, or the like, or 
by introducing a gene designed to have mutatlon(s) at 
glycosylatlon sites in a protein molecule into yeast, 

20 insect cells, or the like. However, if a protein originally 
present in the form carrying sugar chains is converted into 
a protein containing no sugar chain, there is a fear of 
losing activity, as described above. 

Five sugar chains are added to HGF (see non-patent 

25 documents 13: Hara, H. et al.. Journal of Biochemistry, 
1993, vol. 114, p76-82; non-patent documents 14: Shlmlzu, N, 
et. al. Biochemical and Biophysical Research Communications, 
1992, vol. 189, pl329-1335). With respect to the Influence 
of removing the sugar chains of HGF on the activity, it is 
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reported that, when HGF-producing cells were cultured in 
the presence of tunicamycin , an inhibitor of N- 
glycosylation, secreted HGF maintained the motogenic 
activity (see non-patent document 15; Hofmann, R. et al*, 
5 Biochemica et Biophysica Acta, 1992, vol. 1120, p343-350. 
HFG is denoted as SF in the report ) . 

However, this report does not give sufficient 
information since the extent of deficiency of the sugar 
chains in the HGF produced in the presence of tunicamycin 

10 was not analysed. 

The report described that HGF maintained motogenic 
activity after treatment of the HGF with N-glycanase or O- 
glycanase, however, the report showed that HGF treated with 
N-glycanase or O-glycanase adsorbed onto a ConA column that 

15 recognizes sugar chains. The fact that HGF treated with N- 
glycanase or O-glycanase adsorbed onto a ConA column means 
that the removal of the sugar chains was limited. 
Therefore, the descriptions that the HGF treated with N- 
glycanase or O-glycanase maintained motogenic activity does 

20 not lead to a conclusion that glycosylation-def icient HGF 
maintains motogenic activity. 

HGF has a variety of activities , including mitogenic 
ac t ivi ty , morphogene t ic act ivi ty , neovas cular i z at ion 
activity, anti-apoptoptic activity and nerve protective 

25 activity in addition to the motogenic activity (see non- 
patent document 16: Matsumoto, K. et al.. Biochemical and 
Biophysical Research Communications, 1997, vol. 239, p639- 
644) . 

It cannot be always concluded that functions of HGF 



Other than motogenic activity are maintained even if 
glycosylation-def icient HGF retains the motogenic activity. 
For example, NK2 that is a truncated variant of HGF has 
motogenic activity, whereas it has no mitogenic activity 
5 (see non-patent document 17: Hartmann, G. et al.. 
Proceedings of National Academy of Science of the United 
States of America, 1992, vol. 89, pll574-11578) . 

As can be seen from the above, it was unclear at all 
how many of the diverse functions are maintainied in non- 
10 glycosylated HGF. HGF has been considered to be a repair 
factor of organs because of its diverse activities, and it 
could not be concluded that highly complicated functions 
are not affected by deficiency of sugar chains in HGF 
molecules . 

15 

Disclosure o£ the Invention 

The objects of the present invention are to provide a 
glycosylation-def icient hepatocyte growth factor in which 
sugar chains are allowed to be lacking, and to provide a 

20 method for producing the same. 

The inventors of the present invention have found, 
through intensive studies on the function of the sugar 
chain to solve the problems above, that the functions of 
HGF are maintained even if the sugar chains of HGF are 

25 removed. It was quite unexpected that HGF, a highly 
functional protein, could maintain its function even if the 
sugar chains are removed. Moreover, it was an astonishing 
discovery that stability of glycosylation-def icient HGF in 
the blood circulation was improved as compared with 
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glycosylated HGF. The inventors have completed the 

Invention through advanced studies based on the findings 
described above. 

The Invention provides: 
5 (1) a glycosylatlon-def Iclent hepatocyte growth factor 

lacking the sugar chains at all or at least one of the 
glycosylatlon sites of hepatocyte growth factor; 

(2) the glycosylation-def Iclent hepatocyte growth 
factor according to the above (1), wherein a mutation Is 
10 Introduced Into an amino acid sequence so that no 
glycosylatlon occurs at at least one of glycosylatlon sites 
of the hepatocyte growth factor; 

(3) the glycosylatlon -deficient hepatocyte growth 
factor according to the above ( 2 ) , wherein at least one of 
15 the following modifications of (a) to (d) are applied to 
the amino acid sequence of the hepatocyte growth factor: 

(a) Asn In at least one of consensus sequences for N- 
glycosylatlon represented by Asn-X-Ser or Asn-X-Thr (X 
represents an amino acid except Pro) , which exist In the 

20 amino acid sequence of hepatocyte growth factor. Is 
substituted by another amino acid residue; 

(b) Ser or Thr In one consensus sequence, or Ser 
and/or Thr In two or more consensus sequences for N- 
glycosylatlon represented by Asn-X-Ser or Asn-X-Thr (X 

25 represents an amino acid except Pro), which exist In the 
amino acid sequence of hepatocyte growth factor. Is/are 
substituted by other amino acid resldue(s), 

(c) X In at least one of consensus sequences for N- 
glycosylatlon represented by Asn-X-Ser or Asn-X-Thr (X 
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represents an amino acid except Pro), which exist in the 
amino acid sequence of hepatocyte growth factor, is 
substituted by Pro, or 

(d) at least one of Ser and/or Thr that 
5 undergo/undergoes 0-glycosylation, which exist in the eunino 
acid sequence of hepatocyte growth factor, is/are 
substituted by other amino acid residue(s); 

(4) the glycosylation-def icient hepatocyte growth 
factor according to any one of the above ( 1 ) to ( 3 ) , 

10 wherein the hepatocyte growth factor is human hepatocyte 
growth factor; 

(5) the glycosylation-def icient hepatocyte growth 
factor according to any one of the above { 1 ) to ( 3 ) , 
wherein the hepatocyte growth factor is feline or canine 

15 hepatocyte growth factor; 

(6) the glycosylation-def icient hepatocyte growth 
factor according to any one of the above ( 1 ) to ( 4 ) , which 
is modified based on the amino acid sequence of SEQ ID NO: 
1, wherein at least one of modifications represented by (a) 

20 to (e) below is applied to the amino acid in SEQ ID NO: 1: 
(a) substitution of amino acid 294 and/or 296 by 
another amino acid, and/or substitution of amino acid 295 
by Pro, leading thereby to no glycosylation of the amino 
acid 294; 

25 (b) substitution of amino acid 402 and/or 404 by 

another amino acid, and/or substitution of amino acid 403 
by Pro, leading thereby to no glycosylation of the amino 
acid 402; 

(c) substitution of amino acid 476 by another amino 
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acid, resulting In no glycosylatlon of the amino acid 476; 

(d) substitution of amino acid 566 and/or 568 by 
another amino acid, and/or substitution of eunlno acid 567 
by Pro, leading thereby to no glycosylatlon of the amino 

5 acid 566; or 

(e) substitution of amino acid 653 and/or 655 by 
another amino acid, and/or substitution of amino acid 654 
by Pro, leading thereby to no glycosylatlon of the amino 
acid 653; 

10 (7) the glycosylatlon-def Iclent hepatocyte growth 

factor according to any one of the above (1) to (4), which 
Is modified based on the amino acid sequence of SEQ ID NO: 
2, wherein at least one of modifications represented by (a) 
to (e) below is applied to the amino acid in SEQ ID NO: 2: 

15 (a) substitution of amino acid 289 and/or 291 by 

another amino acid, and/or substitution of amino acid 290 
by Pro, leading thereby to no glycosylatlon of the eunino 
acid 289; 

(b) substitution of amino acid 397 and/or 399 by 
20 another amino acid, and/or substitution of amino acid 398 

by Pro, leading thereby to no glycosylatlon of the amino 
acid 397; 

(c) substitution of amino acid 471 by another eunino 
acid, leading thereby to no glycosylatlon of the amino acid 

25 471; 

(d) substitution of amino acid 561 and/or 563 by 
another amino acid, and/or substitution of amino acid 562 
by Pro, leading thereby to no glycosylatlon of the eunino 
acid 561; or 



(e) substitution of amino acid 648 and/or 650 by 
another amino acid, and/or substitution of amino acid 649 
by Pro, leading thereby to no glycosylatlon of the amino 
acid 648; 

5 (8) a DNA comprising a base sequence encoding the 

glycosylatlon-def Iclent hepatocyte growth factor according 
to any one of the above ( 1 ) to ( 7 ) ; 

(9) a vector Integrated with the DNA according to the 
above ( 8 ) ; 

10 (10) a method for producing the glycosylatlon- 

deflclent hepatocyte growth factor according to any one of 
the above ( 1 ) to ( 7 ) comprising the steps of : Introducing 
the vector according to the above ( 9 ) Into a cell ; 
culturlng the cell; producing a glycosylatlon-def Iclent 

15 hepatocyte growth factor in the cell or into the cell 
culture medium; and recovering and purifying the 
glycosylatlon-def Iclent hepatocyte growth factor from the 
cell or from the cell culture medium; 

(11) the method according to the above (10) for 
20 producing the glycosylatlon-def iclent hepatocyte growth 

factor, wherein the cell is a eukaryotlc cell; 

(12) the method according to the above (11) for 
producing the glycosylatlon-def Iclent hepatocyte growth 
factor, wherein the eukaryotlc cell is a yeast or an Insect 

25 cell; 

(13) a method for producing the glycosylatlon- 
deflclent hepatocyte growth factor according to any one of 
the above (1) to (7), comprising the steps of: introducing 
the vector according to the above (9) into an insect 
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individual, allowing the insect individual to produce the 
glycosylation-def icient hepatocyte growth factor, and 
recovering and purifying the glycosylation-def icient 
hepatocyte growth factor from the insect individual; 
5 (14) a method for producing the glycosylation- 

def icient hepatocyte growth factor according to any one of 
the above (1) to (7), comprising the steps of: removing the 
sugar chain(s) wholly or partially by treating hepatocyte 
growth factor having sugar chain(s) with an enzyme, and 
10 recovering and purifying the glycosylation-def icient 
hepatocyte growth factor from the enzyme reaction solution; 

(15) a method for producing the glycosylation- 
deficient hepatocyte growth factor according to any one of 
the above (1) to (7), comprising the steps of: introducing 

15 a vector integrated with a DNA containing a base sequence 
encoding hepatocyte growth factor having sugar chain(s) or 
the vector according to the above (9) into a cell having no 
glycosylation ability; culturing the cell; allowing the 
cell to produce a glycosylation-def icient hepatocyte growth 

20 factor in the cell or into the cell culture medium; and 
recovering and purifying the glycosylation-def icient 
hepatocyte growth factor from the cell or cell culture 
medium; 

(16) a method for producing the glycosylation- 
25 deficient hepatocyte growth factor according to any one of 

the above (1) to (7), comprising the steps of: synthesizing 
the glycosylation-def icient hepatocyte growth factor by a 
cell -free protein synthesis system using a gene comprising 
a base sequence encoding hepatocyte growth factor having 
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sugar chain(s) or the base sequence according to the above 
(8) as a template, and recovering and purifying the 
glycosylatlon- deficient hepatocyte growth factor from the 
reaction solution; 
5 (17) a pharmaceutical preparation comprising the 

glycosylatlon -deficient hepatocyte growth factor according 
to any one of the above (1) to (7) as an active Ingredient; 
and 

(18) a gene therapy agent containing the DNA according 

10 to the above (8). 

The glycosylatlon- deficient HGF of the present 
Invention has characteristics Identical to HGF having sugar 
chains with respect to mltogenlc, motogenlc and 
morphogenetlc activities, and heat stability. Therefore, 

15 It can be used as a substitute for glycosylated HGF. 
Accordingly, the pharmaceutical preparation comprising the 
glycosylatlon-def Iclent HGF of the present Invention as an 
active Ingredient can be used similarly to glycosylated HGF, 
I.e., as therapeutic agents for cirrhosis, therapeutic 

20 agents for renal diseases, epithelial cell proliferation 
promoters, anti-cancer agents, preventive agents for side 
effects In cancer therapy, therapeutic agents for lung 
Injury, therapeutic agents for gastroduodenal Injuries, 
therapeutic agents for cerebral neuropathy, preventive 

25 agents for Immunosuppression side effect, collagen 
decomposition promoters, therapeutic agents for cartilage 
injury, therapeutic agents for artery diseases, therapeutic 
agents for pulmonary fibrosis, therapeutic agents for 
hepatic diseases , therapeutic agents for blood coagulation 
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malfunction, therapeutic agents for plasma hypoproteinemia , 
therapeutic agent for wound, neuropathy improving agents, 
hematopoietic cell increasing agents and hair restoration 
promoters for mammals (such as human, dog, cat, rat, mouse, 
rabbit, horse, cattle, sheep and guinea pig). 

Medicines containing the DNA encoding the 
glycosylation-def icient HGF of the present invention can be 
also used as a gene therapy agent for the diseases as 
described above. 

Since the glycosylation-def icient HGF of the invention 
is more stable in the blood circulation than glycosylated 
HGF, the dosage of HGF can be reduced to prevent the side 
effect of HGF. 

The glycosylation-def icient HGF of the invention can 
be produced at low cost since it can be produced in yeast 
and insect cells . 

Brief Explanation of the Drawings 

Fig. 1 shows the results of SDS-PAGE analysis of each 
20 HGF. Reduced samples of HGFs were electrophoresed and the 
gel was subjectd to silver staining. 

Fig. 2 shows a graph of mitogenic activity of HGFs on 
hepatocytes, where the activity is indicated in terms of 
DNA synthesis of rat hepatocytes. 
25 Fig. 3 shows motogenic activity of HGFs, where the 

activities were compared based on the degree of scattering 
of MDCK cells. 

Fig. 4 shows motogenic activity of HGFs, where the 
activities were compared based on the degree of tube 
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formation of MDCK cells. 

Fig. 5 shows thermal stability of HGFs . Each HGF was 
incubated at 37^C for the days indicated. The remaining 
activity was expressed as relative activity based on the 
5 cunount of DNA synthesis of rat hepatocytes. 

Fig. 6 shows stability of HGFs in the blood 
circulation. 

Best Mode for Carrying Out the Invention 
10 The present invention will be described in detail 

below . 

The glycosylat ion -deficient HGF of the present 
invention refers to HGF that is modified so as to lack 
sugar chain(s) at the whole or at least one of the 

15 glycosylat ion sites of HGF having sugar chains derived from 
mammals such as human, dog, cat, rat, mouse, rabbit, horse, 
cattle, sheep and guinea pig. 

Furthermore, the glycosylation-def icient HGF of the 
present invention includes proteins having an amino acid 

20 sequence in which a mutation is introduced so that the 
known HGFs do not undergo glycosylation , wherein one or 
several amino acids are deleted, substituted, added or 
inserted, and having an HGF activity. In addition, the 
glycosylation-def icient HGF of the present invention also 

25 includes proteins having a homology of at least about 60% 
or more, preferably about 80% or more, more preferably 
about 90% or more, and furthermore preferably about 95% or 
more with the eunino acid sequence in which a mutation is 
introduced so that no glycosylation takes places in the 



15 



known HGFs, and having an HGF activity. 

The phrase "one or several amino acids are deleted, 
substituted, added or inserted" with respect to the amino 
acid sequence refers to deletion, substitution, addition or 
5 insertion of amino acid(s) of a number, one to several, 
which can be introduced by well-known technological methods 
such as a site-directed mutagenesis method or can be 
introduced naturally. 

The term "homology" with respect to the eunino acid 
10 sequence as described above refers to the degree of 
identity of cunino acid residues constituting each sequence 
as a result of comparison of primary structures of proteins. 

The glycosylation-def icient HGF of the invention can 
be obtained by introducing a vector, to which a mutation is 
15 introduced so that no glycosylation occurs at at least one 
site of the glycosylation sites of the HGF, into cells. 

The glycosylation-def icient HGF of the invention may 
also be obtained by introducing a vector containing a base 
sequence of HGF having glycosylation sites into a cell with 
20 no glycosylation ability. 

As the method of introducing mutation(s) into an HGF 
gene so as to prevent addition of sugar chain(s) at at 
least one of glycosylation sites of HGF, it is advantageous 
to introduce mutation(s) into a base sequence corresponding 
25 to the amino acid sequence of a glycosylation site to be 
deficient. Since the sugar chain attached to a protein 
includes an N-linked type and an O-linked type, the 
following mutations are introduced into a base sequence, 
respectively . 
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Consensus sequence for the attachment of N- linked 
sugar chains have been known (Asn-X-Ser or Asn-X-Thr; X 
represents an amino acid other than proline). When the 
5 consensus sequence exists, a sugar chain Is added to Asn In 
the consensus sequence (Kobata A., Eur. J. Blochem. , 1992, 
vol. 209, p. 483-501). Accordingly, an N-llnked type sugar 
chain can be made deficient by Introducing mutatlon(s) Into 
a base sequence so as to convert Asn In the consensus 

10 sequence Into another amino acid (for example Gin), or to 
convert Ser or Thr In the consensus sequence Into another 
amino acid (for example Gly or Ala). In this case. It Is 
preferable to appropriately select an amino acid for 
conversion so as not to form a new consensus sequence with 

15 backward and forward amino acids of the above-mentioned 
consensus sequence. It may also be permissible to 
Introduce mutatlon(s) Into a base sequence so that proline 
Is Introduced at X site In a consensus sequence. 

In the case of an O- linked type sugar chain, a sugar 

20 chain Is added to a hydroxyl group of Ser or Thr In an O- 
glycosylatlon site, however, a consensus sequence for O- 
glycosylatlon does not exist. A sugar chain at the O- 
glycosylatlon site can be made deficient by Introducing 
mutatlon(s) Into a base sequence so as to convert Ser or 

25 Thr subjected to O-glycosylatlon Into another amino acid 
(for example, Gly and the like). In this case. It Is 
preferable to appropriately select an amino acid for 
conversion so as not to form the above -described consensus 
sequence for N- linked sugar chains with backward and 
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forward amino acid sequences of the replaced amino acid. 

The glycosylation sites, for example in the human HGF, 
are Asn at position 294 (N-linked type sugar chain) , Asn at 
position 402 (N-linked type sugar chain), Thr at position 
5 476 (0-linked type sugar chain), Asn at position 566 (N- 
linked type sugar chain) and Asn at position 653 (N-linked 
type sugar chain) of the amino acid sequence of SEQ ID NO: 
1 in the sequence listing. The glycosylation sites in the 
5 amino acids -deficient human HGF of SEQ ID NO: 2 in the 

10 sequence listing are Asn at position 289 (N-linked type 
sugar chain) , Asn at position 379 (N-linked type sugar 
chain), Thr at position 471 (O-linked type sugar chain), 
Asn at position 561 (N-linked type sugar chain) and Asn at 
position 648 (N-linked type sugar chain) , 

15 The consensus sequence for N-linked sugar chains in 

the case of the human HGF is present at positions 294 to 
296, positions 402 to 404, positions 566 to 568 and 
positions 653 to 655 of the amino acid sequence of SEQ ID 
NO: 1 in the sequence listing. The consensus sequence in 

20 the case of the 5 -amino acids -deleted type human HGF is 
present at positions 289 to 291, positions 397 to 399, 
positions 561 to 563 and positions 648 to 650 of the amino 
acid sequence in SEQ ID NO: 2 in the sequence listing. 

Introduction of mutation(s) into a base sequence of 

25 HGF can be conducted using a known technology such as the 
Kunkel method with synthetic mutagenic primers 
corresponding to a portion into which mutations are to be 
introduced. By using a commercially available mutagenesis 
kit and the like, mutations can be introduced easily. 



A recombinant expression vector for glycosylation- 
deficient HGF can be constructed from a recombinant vector 
such as a plasmid and a phage, which contains DNA coding an 
amino acid sequence of glycosylation-def icient HGF or DNA 
5 coding the amino acid sequence of HGF having sugar chain(s), 
by excising this DNA with a restriction enzyme, and re- 
connecting it to downstream of a promoter within a vector 
suitable for expression of the glycosylation-def icient HGF 
by using a restriction enzyme and DNA ligase. More 

10 specifically, the vector is constructed so that it contains, 
if necessary, (1) promoter, (2) ribosome binding site, (3) 
initiation codon, (4) DNA containing a base sequence coding 
a glycosylation-def icient HGF of the present invention, (5) 
termination codon and (6) terminator in this order toward 

15 downstream direction of transcription. 

The above-mentioned DNA includes not only DNA composed 
of a base sequence coding a glycosylation-def icient HGF 
that can be obtained by introducing mutation(s} into the 
above-mentioned glycosylation site(s), but also (a) DNA 

20 having a base sequence having deletion, substitution, 
addition or insertion of one or more bases in the base 
sequence coding the above-mentioned glycosylation-def icient 
HGF having an HGF activity, (b) DNA hybridizable under 
stringent conditions with DNA that is composed of a base 

25 sequence complimentary to DNA having a base sequence coding 
the above-mentioned glycosylation-def icient HGF having an 
HGF activity, or (c) DNA having a homology of at least 60% 
or more with DNA having a base sequence coding the above- 
mentioned glycosylation-def icient HGF having an HGF 
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activity. 

The phrase "deletion, substitution, addition or 
Insertion of one to several bases" with respect to the base 
sequence above refers to deletion, substitution, addition 
5 or insertion of bases of a number 1 to several, which can 
be introduced by well-known technological methods such as a 
site- directed mutagenesis method or can be introduced 
naturally . 

DNA hybridizable under stringent conditions means a 

10 DNA that can be obtained by a colony hybridization method, 
plaque hybridization method or southern blot hybridization 
method using the above DNA as a probe. 

The stringent conditions mean hybridization conditions, 
for example, where hybridization is performed in SSC 

15 solution of about 0,1 to 2 -fold concentration (SSC solution 
at 1-fold concentration contains 150 mM sodium chloride and 
15 mM sodium citrate) at a temperature of about 65*^C. 

DNA having homolocfy means DNA showing a homology of at 
least about 60% or more under high stringent conditions, 

20 preferably DNA having a homology of about 80% or more, more 
preferably DNA having a homology of about 90% or more, and 
furthermore preferably DNA having a homology of about 95% 
or more. The high stringent conditions include, for example, 
a sodium concentration of about 19 to 40 mM, preferably 

25 about 19 to 20 mM, and a temperature of about 50 to 70°C, 
preferably about 60 to 65®C. Particularly, a sodium 
concentration of about 19 mM and a temperature of about 
65**C are the most preferable conditions. 

As the vectors which can be used in the present 



invention, plasmids such as pBR 322, pUC18, pUC19 (Toyobo 
Co. Ltd.) can be used when Escherichia coli is used as a 
host, plasmids such as pUBllO (Sigma) can be used when 
Bacillus subtilis is used as a host, and plasmids such as 
5 pYES2 ( Invitrogen ) , pRB15 (ATCC 37062) can be used when 
yeast is used as a host. As the expression vector for 
animal cells, listed are pCAGGS and pCXN2 (Niwa H., 
Yamamura K. and Miyazaki J., Gene, 1991, vol. 108, p. 193 
to 200, JP-A-03-168087) , pcDL-SRa (Takebe Y. , et al., Mol. 

10 Cell. Biol., 1988, vol. 8, p. 466-472) and the like. 
Additionally, bacteriophages X.gtIO, >tgtll ( Stratagene ) , and 
a vector derived from a gene of SV40 (BRL) , BPV (ATCC VR- 
703), retrovirus and the like are listed, however, there is 
no specific restriction so long as they are vectors capable 

15 of replicating and amplifying in a host. 

Also regarding promoters and terminators, there is no 
specific restriction so long as they work in a host that is 
used for expression of a base sequence coding a 
glycosylation-def icient HGF. As the promoters, listed are 

20 trp promoter, lac promoter, recA promoter, XPL promoter, 
Ipp promoter and the like when Escherichia coli is used as 
a host, and listed are PH05 promoter, PGK promoter, GAP 
promoter, ADH promoter and the like when yeast is used as a 
host. When animal cells are used as a host, promoters 

25 obtained from virus genomes such as Rous sarcoma virus 
(virus RSV) , MPSV, polyoma virus, fowlpox virus, adenovirus, 
bovine papilloma virus, fowl sarcoma virus, cytomegalovirus 
(CMV), hepatitis B virus, simian virus 40 (SV40), and 
vaccinia virus; metallothioneine promoter; heat shock 



promoter; and the like are listed. In the case of using a 
higher mammal host, an enhancer is preferably introduced 
into a vector. By introducing an enhancer, transcription 
increases. Listed as the enhancers are SV40 enhancer, 
5 initial promoter/enhancer of cytomegalovirus , polyoma 
enhancer, adenovirus enhancer and the like. As the 
terminator, listed are trp terminator, Ipp terminator and 
the like when Escherichia coli is used as a host, listed 
are amyF terminator and the like when Bacillus subtilis is 

10 used as a host, listed are CYCl terminator and the like 
when yeast is used as a host, and listed are SV40 
terminator, HSVITK terminator and the like when animal 
cells are used as a host . These promoters and terminators 
are appropriately combined depending on the host used. 

15 An expression vector for a glycosylation-def icient HGF 

is introduced into a host by a competent cell method (J. 
Mol. Biol., 1970, vol. 53, p. 154), protoplast method (Proc. 
Natl. Acad. Sci. USA, 1978, vol. 75, p. 1929), calcium 
phosphate method (Science, 1983, vol. 221, p. 551), DEAE 

20 dextran method (Science, 1982, vol. 215, p. 166), electric 
pulse method (Proc. Natl. Acad. Sci. USA, 1984, vol. 81, p. 
7161), in vitro packaging method (Proc. Nat. Acad. Sci. USA, 
1975, vol. 72, p. 581), virus vector method (Cell, 1984, 
vol. 37, p- 1053), micro injection method (Exp. Cell. Res., 

25 1984, vol. 153, p. 347) and the like, to produce a 
transf ormant . 

The cell which can be used as a host is not 
particularly restricted, and cells derived from animals, 
plants, insects, and eukaryotic microorganisms, and 
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prokaryotic microorganisms, and the like are listed. These 
cells may form an individual, and animal individuals, plant 
individuals and insect individuals may be used as a host. 
The animal cell may be an adherent cell or floating cell, 
5 and may be a cell producing and accumulating a 
glycosylation-def icient HGF in the cell, or may be a cell 
producing and secreting a glycosylation-def icient HGF out 
of the cell. As the animal cells, for example, CHO cell 
(Chinese hamster ovasry cell), COS cell, BHK cell, mouse 

10 C127 cell and Hela cell and the like are listed. As the 
plant cells, for example, cells of rice, tobacco, 
Arabidopsis thaliana and the like are listed, and as the 
insect cell, for example, cells of Sf9, Sf21 and the like 
are listed. As the insect individual, for example, silk 

15 worm (Bombyx mori) is mentioned. As the prokaryotic 
microorganisms, Escherichia coli. Bacillus subtilis and the 
like are listed. As the eukaryotic microorganisms, yeasts 
such as Saccharomyces cerevisiae, Schizosaccharomyces pombe, 
Candida boidinii, Pichia pastoris and the like, and 

20 filamentous fungi such as Aspergillus, Trichoderma, Mucor 
and the like are listed. Among these, yeast, insect cell 
or living insect is preferable. Since the cells of the 
prokaryotic microorganism have no glycosylation ability, an 
wild- type HGF gene having glycosylation site(s) may be 

25 introduced into the cell. 

The resultant transformant is cultured in an 
appropriate medium depending on its host for the purpose of 
producing an intended glycosylation-def icient HGF. The 
medium contains carbon sources, nitrogen sources, inorganic 
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substances, vitamins, serum and medicaments and the like 
necessary for growth of the transf ormant . As the medium, 
LB medium (Nissui Pharmaceutical Co., Ltd.), M9 medium (J. 
Exp. Mol. Genet., Cold Spring Laboratory, New York, 1972, p. 
5 431) and the like are listed when the host of a 
transf ormant is Escherichia coli, and YEPD medium (Genetic 
Engineering, vol. 1, Plenum Press, New York, 1979, p. 117) 
and the like are listed when the host is yeast. When the 
host is an animal cell, a modified Eagle medium (MEM 

10 medium) containing about 20% or less of fatal calf serum, 
Dulbecco's modified Eagle medium (DMEM medivmi) or RPM1640 
medium (Nissui Pharmaceutical Co., Ltd.) and the like are 
listed. Culturing of a transf ormant is conducted usually 
at a temperature of 20 to 45**C and pH of 5 to 8, and 

15 ventilation and stirring are conducted as required. When 
the host is an animal adherent cell and the like, carriers 
such as glass beads, collagen beads and acetyl cellulose 
hollow fibers are used. Culturing of a transf ormant can be 
conducted even with a medium composition or under culturing 

20 conditions other than the above compositions and conditions 
so long as the transf ormant can grow, therefore, the 
composition and culturing condition are not limited to the 
above-mentioned examples. 

The glycosylation-def icient HGF thus produced in the 

25 culture supernatant of a transf ormant or in the 
transf oirmant can be separated and purified by a combination 
of known methods such as salting out method, solvent 
precipitation method, dialysis method, ultrafiltration 
method, gel electrophoresis method, gel filtration 
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chromatography, ion exchange chromatography, reverse phase 
chromatography, affinity chromatography and the like. 
Particularly, combinations of a salting out method using 
ammonium sulfate, S-sepharose ion chromatography, heparin 
5 sepharose affinity chromatography and phenyl sepharose 
reverse chromatography, or combinations of a salting out 
method using ammonium sulfate, S-sepharose ion 
chromatography and anti-HGF antibody sepharose affinity 
chromatography are preferable and effective purification 
10 methods. 

The glycosylation- deficient HGF of the present 
invention can also be prepared by obtaining glycosylated 
HGF by conventionally known methods, and subsequently by 
treating the HGF with an enzyme that can remove sugar 

15 chains. As the enzymes that can remove sugar chains, 
glycopeptidase F, glycopeptidase A and the like can be used 
for the purpose of removing an N-linked type sugar chain* 
Removal of an O- linked type sugar chain can be attained by 
a combination of sialidase, fucosidase and O-glycanase. 

20 The HGF from which a sugar chain is removed by enzymatic 
treatment can be collected as the glycosylation-def icient 
HGF of the present invention and purified by the above- 
mentioned purification method. 

Further, the glycosylation-def icient HGF of the 

25 present invention can be obtained also by utilizing cell- 
free protein synthesis system. The cell -free protein 
synthesis system means a method of performing protein 
synthesis using DNA or mRNA coding the intended protein as 
a template not using a live cell, but using a cell extract 
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that is prepared from Escherichia coll, rabbit reticulocyte, 
wheat germ and the like, or using protein synthesis factors 
derived from the cell extract solution. Since the cell 
extract solution contains molecules necessary for protein 
5 synthesis such as rlbosome, tRNA, and translation factor, a 
protein Is synthesized upon addition of an energy source 
such as ATP, GTP, etc. and amino acids as substrates. 
Instead of cell extract solution, a mixture of protein 
synthesis factors contained In cell extract solution may be 

10 used. In the cell-free protein synthesis system, a 
glycosylatlon-def Iclent HGF can be produced using, as a 
template, DNA or mRNA coding an HGF having glycosylatlon 
slte(s), because an endoplasmic reticulum and Golgl 
apparatus are not contained therein. DNA or mRNA having 

15 mutatlon(s) introduced into glycosylatlon site(s) can also 
be used. The glycosylatlon -deficient HGF synthesized in the 
reaction solution of the cell -free protein synthesis system 
can be purified by the purification methods as described 
above . 

20 The glycosylation-def icient HGF of the present 

Invention obtained as described above has an activity 
equivalent to that of the glycosylated HGF with respect to 
mitogenic activity, motogenlc activity and morphogenestlc 
activity, and also has a heat stability equivalent to that 

25 of the glycosylated HGF. In addition, the glycosylatlon- 
deficient HGF of the present invention is more stable in 
the blood circulation than the glycosylated HGF. 

The glycosylation-def Icient HGF of the Invention can 
be applied to human beings as well as to mammals (for 



example dog, cat, rat, mouse, rabbit, hose, cattle, sheep 
and guinea pig) . 

The medicine containing the glycosylatlon- deficient 
HGF of the Invention may be used, like the wild type 
glycosylated HGF, for therapeutic agents for cirrhosis, 
therapeutic agents for renal diseases, epithelial cell 
proliferation promoters, anti-cancer agents, preventive 
agents of side effects In cancer therapy, therapeutic 
agents for lung Injury, therapeutic agents for 
gastroduodenal Injuries, therapeutic agents for cerebral 
neuropathy, preventive agents for Immunosuppression side 
effect, collagen degradation promoters, therapeutic agents 
for cartilage Injury, therapeutic agents for artery- 
diseases, therapeutic agents for pulmonary fibrosis, 
therapeutic agents for hepatic diseases, therapeutic agents 
for blood coagulation malfunction, therapeutic agents for 
plasma hypoprotelnemla, therapeutic agent for wound, 
neuropathy Improving agents, hematopoietic cell increasing 
agents and hair restoration promoters. The medicine 
containing DNAs encoding the glycosylation-def icient HGF of 
the present invention may be also used for therapeutic 
agents of the diseases as described above. 

The glycosylation-def icient HGF of the present 
invention is effective as a drug, and used in the form of 
general pharmaceutical preparation. The pharmaceutical 
preparation containing the glycosylation-def icient HGF of 
the present invention as an active ingredient can adopt 
various dosage forms (for example, liquid, solid, capsule 
and the like), and in general, the glycosylation-def icient 
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HGF as an active ingredient is used in combination with a 
conventional carrier or a binder to give an injection, 
inhalant, suppository or oral agent, and an injection is 
suitable. This injection can be prepared by a normal 
5 method, and for example, can be prepared by dissolving a 
glycosylation-def icient HGF and a binder into a suitable 
solvent (for exeunple, sterile purified water, buffer 
solution, physiological saline solution and the like), 
filtering the solution through a filter and the like for 

10 sterilization, and then filling this in a sterile vessel. 
The amount of the glycosylation-def icient HGF in an 
injection is usually adjusted from about 0.0002 to 3 
(w/v %), preferably from 0.001 to 2 (w/v %). The oral drug 
is formulated into a dosage form such as, for example, 

15 tablet, granule, fine granule, powder, soft or hard capsule, 
liquid, emulsion, suspension, syrup and the like, and these 
preparations can be prepared by an ordinary method for 
preparation. The suppository can also be prepared by an 
ordinary method for preparation using a conventional base 

20 (for example, cacao butter, lauric butter, glycerogelatine , 
Macrogol, Witepsol and the like). The inhalant can also be 
prepared according to normal means for preparation. The 
amount of the glycosylation-def icient HGF in a preparation 
can be appropriately adjusted depending on dosage form, 

25 disease to be treated and the like. 

In the formulation of a pharmaceutical preparation of 
the glycosylation-def icient HGF of the present invention, a 
stabilizer is preferably added. As the stabilizer, for 
example, albumin, globulin, gelatin, alanine, glycine. 



mannitol, glucose, dextran, sorbitol, ethylene glycol and 
the like are exemplified. The pharmaceutical preparation 
of the present invention may contain other necessary 
additives, for example, solvents (for example, 
5 physiological saline solution, sterile purified water, 
injectable water and the like), excipients (for example, 
fructose, D- sorbitol, glucose, starch, crystalline 
cellulose, dextrin and the like), binders (for exeunple, 
gelatin, corn starch, tragacanth, gxm arable and the like), 

10 solubilizers (for example, lauromacrogol , Polysorbate 80, 
polyoxyethylene hardened castor oil 60, gum arable, sodium 
benzoate and the like), antioxidants (for example, L- 
ascorbic acid, tocopherol, sodium edetate and the like), 
soothing agents (for example, benzalkonium chloride, 

15 procaine hydrochloride and the like), isotonic agents (for 
example, sodium chloride, glucose, D-mannitol, glycerin and 
the like), buffers (for example, citric acid, sodium 
citrate, acetic acid, sodium acetate, lactic acid, sodium 
hydrogenphosphate and the like), thickening agents (gum 

20 arable, carmellose, popidone, methylcellulose and the like), 
preservatives (for example, methyl p-oxybenzoate , ethyl p- 
oxybenzoate, propyl p-oxybenzoate, chlorobutanol , benzyl 
alcohol, benzalkonium chloride and the like), pH adjusters 
(hydrochloric acid, sodium hydroxide, citric acid, acetic 

25 acid and the like), and the like. 

In the case of liquid preparation, it is preferable to 
retain the preparation by cryopreservation, or by 
lyophilization and the like to remove moisture. In the 
case of a lyophilized preparation, injectable distilled 



water and the like are added before Its use to redlssolve 
the preparation. 

In the case of oral preparation, it is preferable to 
apply a film of an enteric coating agent (for example, 
5 cellulose acetate phthalate, methacrylic acid copolymer, 
hydroxypropylcellulose phthalate , carboxymethylethyl 
cellulose and the like) to make a granule, tablet and the 
like, and in the case of capsule, an enteric coated capsule 
is preferable. 

10 The preparation of the present invention can be 

administered via a suitable administration route depending 
on its dosage form. For example, it can be made into a 
form of injection and administered intravenously, 
intraarterially , subcutaneously , or intramuscularly, etc. 

15 The dose thereof is appropriately adjusted depending on 
disease, symptom, age, body weight and the like of a 
patient, and for excunple, it is usually from 0.01 mg to 500 
mg, preferably from 0.05 mg to 100 mg in adults in the case 
of a glycosylation-def icient HGF, and once to several times 

20 administrations per day are suitable. 

The DNA having a base sequence encoding the 
glycosylation-def icient HGF of the present invention is 
integrated into the vector, and is used as a gene therapy 
agent . 

25 The gene therapy agent of the invention is preferably 

prepared as a complex of the glycosylation-def icient HGF 
gene and a gene carrier. Preferable gene carriers are 
virus vectors or cationic gene carriers . Excunples of the 
virus vector include mouse leukemia virus vector. 



adenovirus vector, adeno-assoclated virus vector, HIV 
vector, herpes simplex vector, Sendai virus vector or the 
like. Examples of the cat ionic gene carrier include 
substances having an affinity with the gene, such as 
5 polyamino acids (e.g. poly lysine, polydiamnobutyric acid, 
etc.) and cationic synthetic polymers (e.g. liposome, 
ethyleneimine , etc . ) . 

The present invention will be further illustrated in 
detail by the following examples, but the invention is by 
10 no means restricted to these Examples. 

Abbreviations used in the Examples have the following 
meanings : 

HGF: hepatocyte growth factor 

dHGF: 5 amino acids -deleted type hepatocyte growth 
15 factor 

LB medium: Luria-Bertani medium 

DMEM medium: Dulbecco's modified Eagle medium 

Amp : ampicillin 

FCS: fatal calf serum 
20 NaCl: sodium chloride 

BSA: bovine serum albiunin 

PBS: phosphate buffered saline 

Tween 80 : polyoxyethylene ( 20 ) sorbitan monooleate 



25 Example 1 

A base sequence encoding 5 amino acids -deleted type 
HGF (dHGF, also named as wild type dHGF) represented by SEQ 
ID NO: 3 of the sequence listing was integrated into pCAGGS 
vector. The vector obtained (hereinafter referred to as a 
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wild type vector) is named as pCAGGS-dHGF . 

For the purpose of Introducing mutations to 5 
glycosylatlon sites (positions 289, 397, 471, 561 and 648 
of SEQ ID NO: 2 In the sequence listing) present In dHGF 
5 protein, five mutagenic primers ( 5 ' -phosphorylated) shown 
In Table 1 were synthesized, and site-directed mutagenesis 
was performed using the pCAGGS-dHGF vector as a template. 
By this mutagenesis, Asn 289, Asn 397, Asn 561 and Asn 648 
are substituted by Gin, and Thr 471 Is substituted by Gly, 
10 In the amino acid sequence represented by SEQ ID NO: 2. 



TABLE 1 



Primer 


Sequence 
listing 


5'-tgc get gac aat act atg caa gac act gat 
gtt cct ttg-3' 


SEQ ID NO: 4 


5'-ggc aaa aat tat atg ggc cag tta tec caa 
aca aga tct gg-3' 


SEQ ID NO: 5 


5'-tgc aaa cag gtt etc caa gtt tec cag ctg 
gta tat gg-3' 


SEQ ID NO: 6 


5'-ggg aag gtg act ctg caa gag tct gaa at a 
tgt get gg-3' 


SEQ ID NO: 7 


5'-ggt gat ace aca cct gga ata gtc aat tta 
gac cat ce-3' 


SEQ ID NO: 8 



QulckChange Multl Kit manufactured by Stratagene Co. 

15 was used for the mutagenesis. The vector containing the 
Introduced mutations (hereinafter referred to as a mutated 
vector) was transformed into a competent cell of E. coll 
XLIO Gold, and Amp-resistant colonies were picked up on an 
LB/Amp plate. Plasmids were extracted from each clone 

20 obtained, and the Intended clone was screened by analyzing 
a base sequence on the region coding the glycosylation- 
deflcient HGF. A vector in which intended five mutations 



and no other mutation were confirmed was selected and used 
in the subsequent experiments. The mutated vector obtained 
is referred to as pCAGGS-dHGF-NG. The same operation was 
performed using three mutagenic primers of primer 1, primer 
5 2 and primer 3, and a mutated vector pCAGGS-dHGF-oNG 
designed so as to lack three sugar chains of the a- chain 
was prepared. The same operation was also performed using 
the mutagenic primers 3 and 4, and a mutated vector pCAGGS- 

dHGF-pNG designed so as to lack two sugar chains of the p- 

10 chain was prepared. 

Subsequently, the wild type vector pCAGGS-dHGF and the 
mutated vectors pCAGGS-dHGF-NG, pCAGGS-dHGF-oNG and 
pCAGGS-dHGF-pNG were transfected to COS-7 cells, 
respectively. The COS-7 cells were cultured in a DMEM 

15 medium supplemented with 10% fetal calf serum (FCS) . The 
culture medium of the cell was replaced with serum- free 
DMEM medium Just before transf ection. Transfection was 
carried out by a lipofection method using lipofectamin 2000 
(manufactured by Invitrogen) . The culture medium was 

20 replaced with DMEM containing 1% FCS 6 hours after the 
transfection, and heparin was added at a concentration of 1 
|xg/mL. Culturing was continued for 3 days in order to 
accumulate wild type dHGF or glycosylation- deficient dHGF 
in the culture medium. The culture media were collected 3 

25 days after the cultivation and mixed, and the mixed medium 
was. filtered through a 0.22 fxm filter. The filtrate was 
preserved at -80^C until purification. The concentrations 
of the wild type dHGF and glycosylation -deficient dHGFs 
secreted into the culture medium were analyzed by ELISA. 



The above culture medium was thawed and, after 
filtration through a 0.22 \jm filter, the filtrate was 
applied onto a HlTrap Heparin column (bed volume: 5 mL, 
manufactured by Amersham Biosciences) equilibrated with 
5 50mM Trls-HCl (pH 7.5), 0.01% Tween 80 and 0.3M NaCl at a 
flow rate of 0.6 mL/mlnute. The column was washed with 50 
mM of Trls-HCl (pH 7.5), 0.01% Tween 80 and 0.3M NaCl, and 
the wild type dHGF and glycosylatlon-def Iclent dHGF were 
eluted by Increasing the NaCl concentration to 2 M. The 

10 elutlon was conducted at a flow rate of 1 mL/mlnute, and 
the eluate was fractionated Into tubes (2.5 mL/tube) . 
Fractions containing the wild type dHGF or glycosylatlon- 
def Iclent dHGF were collected, and the buffer solution was 
exchanged by ultrafiltration with a buffer solution 

15 containing 50 mM Trls-HCl (pH 7.5), 0.01% Tween 80 and 0 . 3M 
NaCl. The fraction was applied onto a Mini S column (bed 
volume 0.8 mL, manufactured by Amersham Biosciences) at a 
flow rate of 0.4 mL/mlnute. After washing the column with 
50 mM Trls-HCl (pH 7.5), 0.01% Tween 80 and 0.3 M NaCl, the 

20 wild type dHGF and glycosylatlon-def iclent dHGFs were 
eluted by increasing the NaCl concentration to 1 M. The 
elutlon was performed at a flow rate of 0.4 mL/mlnute, and 
0.4 mL each of the eluate was collected in respective tubes. 
The fractions containing the wild type dHGF or 

25 glycosylation-def iclent dHGFs were collected, and the 
extent of purification was confirmed by SDS-PAGE. 

The dHGF obtained by introducing the wild type vector 
is referred to as COS-dHGF-WT, and the glycosylatlon- 
def iclent dHGFs obtained by introducing mutated vectors are 



referred to as COS-dHGF-NG, COS-dHGF-oNG and COS-dHGF-PNG, 
respectively . 

The dHGF protein was also prepared using CHO cells 
according to the method described In JP -A- 10 -191991 
5 (referred to as CHO-dHGF-WT) . 

The comparative results of SDS-PAGE for dHGFs and 
glycosylation-def icient dHGFs are shown in Fig. 1. It was 
confirmed that the bands of a -chain and chain of COS- 
dHGF-NG of the glycosylation-def icient dHGF were shifted 

10 respectively to positions corresponding to the molecular 
weights of the peptides in which the sugar -chains are 
deleted. VBiile it was observed that COS-dHGF-WT has a 
smaller degree of glycosylation than CHO-dHGF-WT from the 
comparison between COS- dHGF -WT and CHO-dHGF-WT that are 

15 glycosylated (wild type) dHGFs, this may be a result from 
the difference of glycosylation ability between COS cells 
and CHO cells that were used as hosts, or from the 
difference of purification methods. It was confirmed that 
the band of a-chain of COS- dHGF -cxNG, in which only the 

20 sugar chains of the a-chain were deleted, was shifted to a 
position corresponding to the lack of sugar chain in the 
a-chain. It was also confirmed that the band of chain of 
COS -dHGF -PNG, in which only the sugar chains of the p- chain 
were deleted, was shifted to a position corresponding to 

25 the lack of sugar chain in the P- chain. 

Example 2 

The mitogenic activities against rat hepatocytes of 
the wild type dHGF and glycosylation-def icient dHGFs 



obtained In Example 1 were measured. 

Rat hepatocytes were separated from SD rat (age 8 
weeks, male) using a collagenase perfusion method. The 
obtained hepatocytes were suspended In a William's E(WE) 
5 medium containing 5% PCS, and was seeded on a culture plate 
at a cell density of 30,000 cells/cm^. The culture medium 
was removed 4 hours later, and was replaced with 480 |xL of 
fresh WE medium (containing 5% PCS) to continue the 
culturlng. After additional 20 hours, 20 |xL of a sample 

10 solution containing the wild type dHGF or glycosylatlon- 
deficient dHGF was added to the medium to further continue 
the culturlng. Twenty hours after the addition of the wild 
type dHGP or glycosylatlon-def Iclent dHGF, [^H] -thymidine 
(25 Cl/mmol) was added at a concentration of 2,5 (xCl/mL, 

15 and the culturlng was continued for additional 6 hours. 
Thereafter, the cells were washed with PBS twice, followed 
by incubation with 10% trichloroacetic acid at 4®C for 20 
minutes. Further, the solution was replaced with fresh 10% 
trichloroacetic acid and the cells were kept for 10 minutes. 

20 After the cells were washed with 1 mL of H2O, the cells 
were solubllized by Incubation with 0.5 N NaOH solution at 
37^C for 30 minutes. The cell lysate was neutralized by 
adding 1 N HCl. The neutralized solution was treated with 
a cell harvester to collect cell- derived substances on a 

25 glass filter. After drying the filter, a solid 

scintillator (MeltlLex) was placed on the filter and the 
filter was heated on a hot plate. After the scintillator 
melted into the filter, radioactivity was measured with a 
P-counter (Fig. 2). The level of the radioactivity 



represents the amount of [^H] -thymidine incorporated into 
the cell, indicating the amount of DNA synthesis 
accompanying cell proliferation. In other words, the level 
of the radioactivity reflects the mitogenic activity. 
5 The glycosylation-deficient dHGF (COS-dHGF-NG) showed 

a mitogenic activity equivalent to that of the wild type 
dHGF ( COS- dHGF -WT and CHO-dHGF-WT) . The COS- dHGF -oNG that 
lacks the sugar chain of a -chain and COS- dHGF -pNG that 
lacks the sugar chain of chain also showed similar 
10 activities. 

Exeunple 3 

MDCK-3B cells were suspended in DMEM (containing 10% 
FCS), and were seeded on a 24 -well plate at a cell density 

15 of lO'* cells/well (480 jxL/well) . A test sample (20 \iL) 
containing the wild type dHGF or glycosylation-deficient 
dHGF was added to each well. The plate was incubated at 
37°C for 20 hours, and the extent of scatterring was 
observed with a microscope (Fig. 3). 

20 The glycosylation-deficient dHGF ( COS - dHGF -NG) showed 

a motogenic activity equivalent to that of the wild type 
dHGF ( COS- dHGF -WT and CHO-dHGF-WT). The COS- dHGF -oNG that 
lacks the sugar chain of a-chain and COS-dHGF-pNG that 
lacks the sugar chain of p- chain also showed similar 

25 activities. 

Example 4 

MDCK-3B cells were suspended in a collagen solution 
(Cellmatrix I -A, manufactured by Nitta Gelatin) dissolved 
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in DMEM (containing 10% FCS) to prepare a solution with a 
cell density of 5,000 cells/mL. This solution (500 ^.L 
each) was added onto a 24-well plate (2,500 cells/well) • 
After gelling collagen by incubating at 37®C for 10 minutes, 
5 480 ixL of DMEM (containing 10% FCS) was laid on the gel, 
and 20 \xL of a test sample containing the wild type dHGF or 
glycosylation- deficient dHGF was added to the well. After 
culturing at 37°C for 6 days, tube formation in the gel was 
observed with a microscope (Fig. 4). 
10 The glycosylation-def icient dHGF (COS-dHGF-NG) showed 

the same morphogenic activity as the wild type dHGFs (COS- 
dHGF-WT and CHO-dHGF-WT) . The COS-dHGF-oNG that lacks the 
sugar chain of a- chain and COS- dHGF -pNG that lacks the 
sugar chain of p-chain also showed similar activities. 

15 

Example 5 

Samples of the wild type dHGFs and glycosylation- 
deficient dHGFs were diluted and adjusted to a 
concentration of 50 ^g/mL with a buffer solution containing 

20 50 mM Tris-HCl (pH7.5), 0.01% Tween 80 and 0.3 M NaCl, and 
were incubated at 37*^C for 7 days in sealed vessels. 
Aliquot s of the sample solutions were collected everyday, 
and each fraction was preserved at -80^C. The remaining 
activities of the wild type dHGFs and glycosylation- 

25 deficient dHGFs in each sampled solution were evaluated by 
measuring the amount of DNA synthesis of hepatocytes in a 
similar manner to Example 2. For measuring the activity, 
the seunpled solution was diluted to a concentration of 125 
ng/mL with PBS containing 0.5% BSA, and 20 \iL aliquot of 
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the diluted solution was added to 480 |xL of a culture 
medium of hepatocytes to give a final concentration of 5 
ng/mL. 

The glycosylation- deficient dHGF (COS-dHGF-NG) showed 
temperature stability similar to that of the wild type dHGF 
(COS-dHGF-WT and CHO-dHGF-WT) (Fig. 5). The COS-dHGF-oNG 
that lacks the sugar chain of a- chain and COS- dHGF -^NG that 
lacks the sugar chain of chain also showed similar 
stabilities. 

Example 6 

Na^^^I (50 \iC±) was added to 80 jjiL of a buffer solution 
containing 50 mM of Tris-HCl (pH 7.5), 0.01% of Tween 80 
and 0.3M NaCl, and one bread of lODO-BEADS (manufactured by 
Pierce) was added to the solution, followed by incubation 
at room temperature for 5 minutes. A solution (20 (xL) 
containing the wild type dHGF (5 \iL) or glycosylation- 
deficient dHGF in a buffer containing 50 mM Tris-HCl (pH 
7.5), 0.01% Tween 80 and 0.3 M NaCl was added to the 
solution above, and the dHGFs were iodinated by incubating 
at room temperature for 5 minutes • The iodination reaction 
was stopped by taking the reaction solution out of the tube, 
and the reaction solution taken out was subjected to gel 
filtration through a Sephadex G-25 column (available from 
Amersham Biosciences) to purify ^^^I-dHGF by separating from 
unreacted Na^^^I. 

^^^I-dHGF with a radioactivity of 500,000 cpm was 
diluted with PBS containing 0.1% BSA to obtain a 100 |iL 
solution. This solution was injected into the tail vein of 
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ICR mouse (age 8 weeks, male). The blood was sampled at 1, 
5, 15, 30, 60 and 120 minutes after the injection. The 
plasma was separated from the collected blood, and 
stability of the wild type dHGF and glycosylation-def icient 
5 dHGF in the blood circulation was evaluated by measuring 
the radioactivity using a gamma counter (Fig. 6). 

Stability of the glycosylation-def icient dHGF (COS- 
dHGF-NG) in the blood circulation was improved compared 
with that of CHO-dHGF-WT. The COS-dHGF-WT showed an 
10 intermediate stability between COS-dHGF-NG and CHO-dHGF-WT. 
This may be ascribed to the fact that the sugar chain of 
the COS-dHGF-WT is partially deficient as shown in Example 
1. 

15 Industrial Applicability 

The glycosylation-def icient HGF of the present 
invention is useful as a substitute of glycosylated HGF. 



